Although peptide nucleic acid (PNA), fluorescence in situ hybridization (FISH) and confocal laser scanning microscopy (CLSM) are the reference tools in the study of bacterial aggregates/biofilms, it may also be rather time-consuming. This study aimed to investigate the sensitivity and specificity between bacterial aggregates identified by haematoxylin and eosin (HE) staining vs bacterial aggregates in corresponding PNA-FISH samples. Axillary biopsies were obtained in 24 healthy controls. HE-stained and PNA-FISH samples were investigated using traditional light microscopy and CLSM, respectively. The data demonstrate that HE staining identifies large bacterial aggregates (>10 μm) with a sensitivity of 0.43 and specificity of 1. The methods, however, are not equivalent as demonstrated by a McNemar's test (P=.04).
| BACKGROUND
As there are currently no biofilm-specific biomarkers, relevant investigations of bacterial aggregates include imaging to establish any colocalization with pathological tissue. Although peptide nucleic acid (PNA), fluorescence in situ hybridization (FISH) and confocal laser scanning microscopy (CLSM) are the reference tools in the study of bacterial aggregates, [1] [2] [3] [4] it offers information on the presumptive bacterial activity as well as high resolution 3D images of the spatial distribution of bacterial aggregates, but is time-consuming and operator-dependent. In contrast, haematoxylin and eosin (HE)-stained histology slides are a standard tool for the investigation of inflammation and may provide information about the presence of bacteria in clinical histology samples. HE staining may yet provide rapid and low-cost information in a clinical setting. Although HE staining of bacterial aggregates previously has been described, in conjunction with PNA-FISH, [5] [6] [7] [8] only limited knowledge exists on its sensitivity and specificity compared to PNA-FISH and CLSM. In the perspective of the growing recognition of the pathological role of bacterial biofilms, [2, 3, [9] [10] [11] [12] [13] [14] [15] a rapid and practical low-cost tool to evaluate bacterial aggregates seems to be of importance. This may be highly relevant in the field of dermatology where an increasing body of literature studies suggests an association between bacterial biofilms and various skin diseases such as acne vulgaris, chronic wounds and hidradenitis suppurativa. [13, [15] [16] [17] [18] [19] [20] 
| QUESTION ADDRESSED
To investigate the sensitivity and specificity between bacterial aggregates identified by HE staining vs bacterial aggregates in corresponding PNA-FISH samples. To the best of the authors' knowledge, no formal studies have previously correlated these techniques in detecting and quantifying bacterial aggregates.
| EXPERIMENTAL DESIGN
In 24 healthy controls, punch biopsies (4 mm) with clinical visible hair follicles from the axilla were obtained. Inclusion criteria of healthy controls are as follows: no known skin disease; no visible skin disease in axillae, in particular no folliculitis, nodules, tunnels (sinus tracts), abscesses or scars compatible with current or previous dermatological disease.
Prior to injection of anaesthetics, the skin was cleansed with ethanol swabs (FastCare ® , 70% Isopropyl Alcohol, Zhejian, China) to minimize risk subsequent infection. 
| PNA-FISH STAINING
Paraffin embedded tissues were deparaffinized using a standardized method. [21] See Supporting Information. CLSM was performed on a minimum of three slides; one or two on each side of the HE slide. The entire PNA-FISH slide was reviewed.
| CONFOCAL LASER SCANNING MICROSCOPY AND SLIDE SCANNING
Overall, the PNA-FISH CLSM results reflect that specific slide from each participant that yielded the highest positive score in aggregate size.
For a semi-quantitative assessment, the diameter of the bacterial aggregates was classified in 0-3 according to a recently published study [1] : <5, 5-10, 10-50 or >50 μm. Sensitivity and specificity analysis was calculated, using PNA-FISH as the positive control/standard. We also performed a kappa analysis between the two observation methods. All statistics were performed in SPSS 23.0 (IBM, New york, Ny, uSA).
| STATISTICS

| RESULTS
When dichotomizing into "no aggregates" See Figure 1 for the scatterplot of the semi-quantification of the aggregates.
| CONCLUSION
In summary, our method study suggests that HE staining identifies large bacterial aggregates (>10 μm) with a reliable specificity (Figure 2A-D) .
Thus, in samples where HE identifies large bacterial aggregates, CLSM with PNA-FISH may be a redundant tool. However, our study also indicates a low sensitivity of HE to detect bacterial aggregates. This may lead to additional PNA-FISH and CLSM investigations in clinical samples where HE staining does not initially reveal bacterial aggregates ( Figure 2E -F). Considering the reliable specificity of HE, the staining method may provide a good initial modality to screen for bacterial aggregates.
